We prepared the Nano-sized bismuth titanate Bi 4 Ti 3 O 12 (BIT) powders, through a high-energy ball milling process from their oxides Bi 2 O 3 and TiO 2 . This BIT phase can be formed after a milling process for 40 min. With an increasing milling time, this particle size of mixture is gradually reduced, thus, we have mostly an amorphous phase. The BIT ceramics were duly obtained by sintering the synthesized powders at temperatures ranging from 850˚C to 1000˚C. The BIT ceramics sintered at 1020˚C for 1 h, exhibiting a density with 7.52 g/cm 3 of a crystaline phase and a dielectric of K = 288.11 (100 Hz), as well as a dielectric loss of 0.05 (100 kHz). The High-energy ball milling process is a promising way to prepare BIT ceramics. After the preparation of the BIT, we doped it with the Multi-Walled Carbon Nanotubes which are properly obtained by a chemical vapour deposition (CVD), using nickel as a catalyst, as well as using acetilene at 720˚C, and then proceeded with the dielectric and optical measurements.
Introduction
High K ceramics makes noticeably the miniaturize passive microwave devices. Their sizes can typically be reduced in comparison to the classical ressonators and filters by a factor of 1/K (relative dielectric constant). This research work reports the effect of the Multi Wall Carbon Nanotube (MWNT), as a doping of the bismuth titanateBi 4 2 2 layers. BIT single crystals have a low dielectric constant (K ∼ 244 at 1 KHz) and a very high Curie temperature (T C = 675˚C), which makes it useful for various applications, such as memory elements, optical displays, piezoelectric and piroelectric devices in a wide temperature range from 20˚C to 600˚C. Below room temperature it shows an orthorhombic Fmmm symmetry, which exhibits ferroelectric properties [1, 2] .
BIT ceramics have been used in capacitors, transducers, sensors, etc. [3, 4] . The tuning of specific electric properties by compositional modification, as well as the grain size effect, could lead to modifications in the Curie temperature, conductivity, coercivity, compliance, etc. [5, 6] . Dielectric properties of BIT ceramics are highly dependent upon the grain size, the phase content in the ceramic body and the sintering temperature. Dielectric constant (K) of BIT ceramics sintered around 850˚C, shows values in the range of 235 -250 with the frequency range of 100 Hz -100 KHz. The dielectric loss (D) shows a little increase with values around 1.6 × 10 −2 in this frequency range [7] .
Therefore, ceramics of BIT can show a different dielectric behavior, depending on the particle size. Ferroelectric Bi 4 Ti 3 O 12 (BIT) ceramics are good candidates for the application devices, due to their high dielectric constant, high Curie temperature and high breakdown strength [1] [2] [3] . BIT ceramics were conventionally prepared by the solid-state reaction process. The mixture of Bi 2 O 3 and TiO 2 , was ball milled, calcined at an intermediate temperature and finally sintered at high temperatures [3, 4] . This requires a high calcination temperature, usually leading to a particle coarsening and aggregation of the Bi 4 Ti 3 O 12 powders. The presence of hard particle agglomerates will also result both, in poor microstructure and properties of the BIT ceramics. In order to avoid this problem, it is necessary to lower the calcination temperature. The methods reported in the literature to prepare BIT include co-precipitation [5] [6] [7] and molten salt synthesis [8] . Wet-chemistry-methods usually involve chemicals (especially its muth salts), which are sensitive to light and other factors. These processes are also very time-consuming. The Mechanochemical process, best known as mechanical alloying or milling [9] , has been employed to prepare nano-sized oxides and compounds, such as ZrO 2 [10] , Fe 2 O 3 [11] , YBCO superconductors [12] , magnetic ferrites [13] and ferroelectric powders [14] [15] [16] . This mechanical technique is superior to both, the conventional solid-state reaction and the wet-chemistry-based processing in routes with ceramic powders for many reasons: low-cost and widely available oxides as the starting materials, skipping the calcination step at an intermediate temperature, leading to a simplified process [16, 17] . The mechanically derived powders possess a much higher sinterability than those powders, synthesized by conventional solid-state reaction and wet-chemical processes.
Multi Wall Carbon Nanotubes, have been of great interest, both from a fundamental point of view and future applications. The most eye-catching features of these structures are their electronic, mechanical, optical and chemical characteristics, which open a wide way for future applications. Nanotube researches have shown possible applications in the fields of energy storage, molecular electronics, nanomechanic devices, and composite materials. Realistic applications are still under development. One of the initial studies in this subject matter, began with carbon nanotubes and it was firstly performed on multi-wall carbon nanotubes (MWNTs), thereafter, two years later on single-wall carbon nanotubes (SWNTs). During the last two decades, many studies on carbon nanotubes, have duly been the subject of many researches, as well. In this particular case, materials were very important, due to the present unique mechanical and electronic properties, which allow an increasing number of applications. The optical and the electronic behaviors of these materials are strongly de-pendent on the sample size and the morphology, therefore, these properties can be engineered, using hybrid nanoarchitetures [18] . The size-induced quantum confinement in these systems, leads to the observation of a novel phenomena and their striking physical properties, which are being intensively exploited in the nanoscience [19] . This paper is based on a previous one [20] . The present study reports the following: 1) the preparation of nano-sized BIT powders from their oxide mixture, via a ball milling process; 2) ceramics from the synthesized powder will also be presented; 3) Electrical properties of BIT ceramics, doping with multi walled carbon nanotube (MWNT), obtained via the CVD process. In addition, we achieved a faster and a better way to synthesize the BIT orthorombicphase, therefore, we provided another step to nanotube aplications with ferroeletrics composites.
Experimental Procedure
The commercially available Bi 2 O 3 and TiO 2 powder were used as starting materials for a chemical reaction based on the following: 2Bi 2 O 3 + 3TiO 2 ≥ Bi 4 Ti 3 O 12 .
The above milling experiment was carried out at Fritsch Pulverisette 6 planetary high-energy ball milling system in the air, with room temperatures for different times. A 250 ml stainless steel carbide vial with 10 stainless steel balls, along with a diameter of 20 mm, was used as a milling medium. The milling speed was set at 370 rpm. However, the milling was stopped for 5 min, every 10 min of milling for the cooling down of the system.
The synthesis of the BIT implemented by us (LO-CEM), in shorter times of: milling, calcining and sintering, resulted in a phase that agrees with the literature herewith [21] [22] [23] [24] . The procedure described on Table 1 , shows that we duly obtained the orthorhombic phase, while grinding in a lesser time as in Figure 1 . The secret to it, was removing dust every 10 minutes of grinding in the walls within the pot, which maximized its reactions and minimized its time, as compared to the X-ray of the BIT and the others [22] (Figure 2) . We then doped the prepared BIT, with 5% in mass of MWNT. The Synthesis of MWNT was obtained by a chemical vapour deposition (CVD), using nickel as a precursor and using acetilene at 720˚C. We added 5% in mass (0.25 g) of the MWNT to the 5 g BIT sample. The XRD for the MWNT, was too noisy, therefore, we decided to plot only the BIT + MWNT (5%) composite difratogram in Figure 3 . The peak around 30o is still present (besides the others around 22˚, 33˚ and 47˚ see Figure 2) , however, the noise from the MWNT contributed to the graph in Figure 3. 
Substrates and Electrodes
The samples were prepared in a disk shape (with thick- ness around 1 mm). The circular electrodes were prepared using the screen printing technique (diameter around 10 mm) using silver (Ag) (Joint Metal-PC200).
X-Ray Diffraction
The X-ray diffraction (XRD) patterns were obtained under room temperature (300 K) by step scanning using powdered samples. We used 5s for each step of the counting time, with a Cu-Kα tube at 40 kV and 25 mA, using the geometry of Bragg-Brentano.
Dielectric Measurements
The Dielectric measurements were obtained from a HP 4291A Material Impedance Analyzer in conjunction with a HP 4194 Impedance Analyzer, which jointly covered the region of 100 Hz -1.8 GHz in room temperature (300 K).
Infrared Spectroscopy
The infrared spectra (IR) were measured using KBr pellets made from a mixture of powder for each sample. The pellet's thickness varied from 0.5 -0.6 mm. The IR spectra were measured from 400 -1600 cm −1 with a Nicolet 5ZPX FT-IR spectrometer.
Raman Spectroscopy
The Raman spectra were collected with a triple-grating spectrometer in the subtractive mode with a JobinYvon, T64000 equipment. The 514.5 nm line of an Argon ion laser was used as excitation. Olympus microscope lenses with a focal distance f = 20.5 mm and numeric aperture NA = 0.35, was used to focus the laser on the sample surface. In this study the slits were set for a resolution of about 2 cm 
Results and Discussion

X-Ray Diffraction for the Pure BIT, and
BIT + MWNT Figure 1 shows the X-ray diffraction (XRD) patterns of the milled samples with BIT together with the XRD of the reference (JCPDS), associated to TiO 2 and BIT (BIT_REF), which were used in the sample preparation (as discussed before). In this sample one can easily identify all the peaks associated to BIT and TiO 2 phase. This particular sample BIT was calcined with 40min of ball milling and the presence of the TiO 2 , which was still noted. Weak peaks around 37.8˚ and 48.2˚ could be detected. Regarding the sample, BIT calcined with 60min of ball milling, showed a weak presence of BIT. These results suggest that the ball milling process lead the grain size reduction and leading to an amorphous phase. An amorphization process after 15 h of milling is shown in Figure 1 . We observed that with increasing milling time, the characteristic of the sample is predominantly amorphous. The peak around 25˚ is present at all times and it is associated with Mogae TiO 2 [25, 26] . The BIT in its orthorhombic phase was obtained by grinding procedure followed by calcination (as described above). The crystallite size was around 140 nm (using Scherrer equation). However, we had to vary the temperature from 850˚C to 1000˚C at a rate of rise and fall of 5˚C/min. The pellets were pressed with 1 ton of discs in 12 mm by 0.6 mm of thickness on average. After pressing were fired for 20 minutes (or up to 1 hour) sintering.
Hence, the calcined BIT 40 min sample for 20 min at 850˚C (in order to eliminate traces of TiO 2 ), sintered the pellet at 1020˚C for 1h, shown on Table 1 . The XRD for the calcined BIT and its reference is plotted in Figure 2 . The calcined XRD duly showed perfect fitting with the BIT reference, while the same XRD pattern occurred in the sintered sample. . These peaks are assigned [25] to vibrations of O-Ti-O. The Raman mode located at 230 cm −1 is Raman-inactive, according to the symmetry rules of the octahedron TiO 6 . However, it is observed that due to the distortion of the octahedron, the mode at 333 cm −1 is a combination of vibration modes, being stretching and bending modes. The vibration modes at 540 cm −1 correspond to the excursions of peak oxygen octahedron. The octahedron TiO 6 showed considerable distortion, therefore, some Raman modes located at 333, 540 and 612 cm −1 , appeared broad and weak, which may induce dielectric anomalies [25] . Figure 4(c) showed a similar pattern to that of pure BIT (Figure 4(a) ), however, with fewer spikes. Note the values of 273 cm . We conclude that the ball milling process leads the MWNT (Figure 4(b) ) disappearance of these duly stated peaks in the composite.
Raman Spectroscopy
In carbon nanotubes and related materials, the D and G bands of the Raman vibrational, involves the stretching and the bending of C-C bonds. The G modes are related with the in-plane vibrational (E2g) movement of carbon atoms and the D-band Raman vibrational mode (A1g), due to the collective in-plane vibrational movement of the atoms, towards and away from the center of the hexagons formed by the covalently (sp2) bonded carbon atoms. The MWNT Raman spectra are shown in Figure   4 (b). They are consisted of the main G band at about 1580 cm −1 (C-C stretching vibrations) and two disorderinduced bands-D at about 1340 cm −1 and D', at about 1620 cm −1 reflecting the high density of states for zoneedge and midzone phonons, respectively [27] . , thus, having a bending absorption of Ti-O. Our results agree with the orthorhombic phase [25] [26] [27] [28] . On Table 2 , we can note the IR vibrations modes for the BIT. They agree with the literatures [12, 13] . In Figure 5 there is a dramatic change in the infrared spectrum. An absorption at 817 cm −1 is still present, however, there is a total change in the spectrum of Figure 5. 
Dielectric Measurements
After several tests, the measurements emerged as the ideal stage, represented by the BIT Figure 2 . This led us to perform measurements of the dielectric constant. The procedure was to apply the silver electrodes, using the technique of the "screen printing" on both sides and drying the deploy connect wires afterwards as shown in Figure 6 . The model adopted to measure the capacitance, was from a parallel plate capacitor, in which it used the expression (1). Where Co is the capacitance, measured in an HP 4194 impedancimeter ranging from 100 Hz to 40 MHz, and the thickness of the tablet in meters, A the area of the silver electrode and ε o the vacuum permittivity . Figure 6 shows the dielectric constant measurements of the BIT and BIT + MWNT, respectively. In Figure 6 , we note the smooth curve for the pure BIT, with a dielectric constant of 288.11 at 100 Hz. This constant drops smootly around 150 at 100 kHz. We can notice also that for the BIT + MWNT sample, the dielectric constant decreases so fast starting from 468.30 at 100 Hz to a dramatic dropping around 100 at 100 kHz. On Table 3 we have some values for both dielectric constant and loss.
We can notice as well in Figure 7 , that the greatest loss is of 0.24 around 100 Hz for the pure BIT, we also note that the smooth curve leads to a value of 0.027 at 100 kHz. Furthermore, the BIT + MWNT have shown a dramatic change values from 0.43 at 100 Hz to 0.076 at 100 kHz. In terms of the dielectric losses and dielectric constant, the pure BIT is best for low frequencies. The nanotube BIT composite is the best for high frequencies.
Conclusion
In summary, nano-sized bismuth titanate Bi 4 Ti 3 O 12 (BIT) powders, were prepared by a high-energy ball milling process from their oxide mixture of Bi 2 O 3 with TiO 2 . After the preparation of the above said compound (Bi 4 Ti 3 O 12 ), it was doped with Multi Walled Carbon Nanotubes obtained by a chemical vapour deposition (CVD) and preceded with the dielectric and optical measurements. The dielectric constant measurements of the BIT and BIT + MWNT, show that for all the samples, the dielectric constant always decreases with the increase of the frequency until 15 MHz. Furthermore, around 17 MHz, we noticed that there was a resonance like behaveior in the BIT + MWNT composite. This aforesaid behavior was understood to be related to the ball milling process, which leads the MWNT changes in the optical properties on BIT + MWNT.
